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Abstract
Background: The etiology, severity and prognosis of
congenital scoliosis depend on multiple factors, with
limited data in the literature. There is also limited data
on surgical correction based on the underlying vertebral
anomaly. Given the progressive nature of the disease and
eventual need for surgical intervention, the study was
designed to obtain more data, assess disease presentation
and progression in relation to environmental and physical
characteristics, and evaluate surgical predictors to elucidate
the disease and understand its prognosis in relation to
various factors.
Methods: Using a retrospective chart review, we created
a database for patients with congenital scoliosis seen at the
Carrie Tingley Hospital in Albuquerque, NM from 2002 to
2011. This includes information on patient age, ethnicity,
geographical location, degree of spinal curvature(s) using
the Cobb method, vertebral anomaly(ies), and surgical
intervention(s) and outcomes. Data was analyzed using
ANOVA, and simple and logistic regressions.
Results: Of the 125 patients recorded, mean age at
presentation was 4 years and 9 months and mean length of
follow-up was 5 years. We found a statistically significant
relationship between age at presentation and scoliosis
severity and found that the most common underlying
vertebral anomaly was hemivertebrae, which was associated
with a better prognosis and a negative predictor for surgery.
Thoracic anomalies were associated with worse prognosis.
Conclusion: Many factors influence the severity and
progression of congenital scoliosis. With future studies
elucidating effective interventions, it will be necessary
to screen at a younger age given the direct correlation
between age and disease severity. Certain anatomical traits
can predict a better or worse prognosis, and thus can aid in
management and provide a better quality of life.

Introduction
Natural History

Congenital scoliosis is a lateral curvature of the spine due to
developmental abnormalities of the vertebral bodies, with
a recorded incidence of 0.5-1/1,000 births. There has been
no mention in the literature of any significant geographical
or ethnic correlations with incidence or severity of the
scoliosis, however, the female to male ratio has been noted
to be 1.4-2.5 to 1.1 This disease not only is associated
with multiple comorbidities and a decreased quality of
life, but it can also be progressive and lead to detrimental
consequences including cardiopulmonary compromise and
thus increased morbidity and mortality. As expected, there
is also an economic burden associated with this condition.2
According to the Scoliosis Research Society, congenital
spinal deformities and the severity of the deformity
can be identified and classified by the type of vertebral
anomaly seen in the patient. Studies focusing on the
bony abnormalities in congenital scoliosis note that it can
result from a multitude of structural defects, including
hemivertebrae, block vertebrae, butterfly vertebrae,
wedged vertebrae, and unsegmented bars.2 Such vertebral
anomalies are the products of a defect in or the failure of
a specific developmental process to take place. The two
normal developmental processes in which defects can result
in vertebral defects and spinal deformity are formation
and segmentation, or a mix of both.3 Such vertebral
abnormalities place a pressure on the growing spine to form
in an asymmetric fashion, giving rise to kyphosis, lordosis,
or scoliosis.1
Hemivertebrae and wedged vertebrae are the result
of complete or partial failure of formation. When two
hemivertebrae are present, both exhibiting failure of
growth on the same side, a severe unbalanced congenital
curvature will result. Conversely when two hemivertebrae
are present, exhibiting failure of growth on opposite sides,
balanced congenital scoliosis will result.3
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Prognosis

In addition to aiding physicians in better understanding the
etiology of scoliosis in their patients, the type of vertebral
abnormality can help understand and predict the severity
and prognosis of patient’s condition. Studies show that the
anomaly resulting in the most severe congenital scoliosis
is a unilateral unsegmented bar with a contralateral
hemivertebra at the same level, usually manifesting with a
curvature of at least 50 degrees by age 3. The next most severe
congenital scoliosis occurs in the presence of a unilateral
unsegmented bar alone. After this, the next most severe is in
the presence of 2 fully segmented hemivertebrae; following
this presentation in the scale of severity is scoliosis in the
presence of 1 fully segmented hemivertebra and a wedge
vertebra. The presence of hemivertebra usually results in a
curvature of at least 40 degrees by the age of 10. The least
severe form of congenital scoliosis is one involving a block
vertebra. It is evident, however, that patients can present
with a mixture of abnormalities which are not classifiable
using this system, which makes it difficult for clinicians
to predict the severity and prognosis of their condition.
Studies have shown, however, that the poorest prognosis is
attached to the presence of a unilateral unsegmented bar,
with or without other abnormalities, and should be treated
immediately.3
Other prognostic factors in congenital scoliosis include
the site of the anomaly, age of the patient at the time of
diagnosis, and balance and pattern of the spinal curve.
Curves in the thoracic and thoracolumbar regions of the
spine tend to be more severe and carry a worse prognosis
than curves in the cervicothoracic region and the lumbar
region. Age is another prognostic factor in congenital
scoliosis; in children, scoliosis usually has its most rapid
progression after the age of 10, during the preadolescent
growth spurt. Thus, children who present with a clinically
apparent spinal curve early in life, specifically before the
age of 10, have a marked growth imbalance and usually
have yet to undergo a rapid progression of the curve, leading
ultimately to a severe scoliosis.3
Common Comorbidities

According to studies, congenital scoliosis is often seen
associated with various genetic syndromes such a JarchoLevin Syndrome, spondylocostal dysostosis, and Alagille
Syndrome. As congenital scoliosis is associated with
developmental abnormalities, it is reasonable to wonder
whether there are other abnormalities present in different
organ systems.2 One study showed that 82% of patients
suffering from congenital scoliosis also had malformations
in 4 different organ systems.4 These can include esophageal
atresia, tracheoesophageal fistula, anal atresia, facial
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asymmetry, and bladder and cloacal exstrophy. KlippelFeil Syndrome, Goldenhar’s Syndrome, and incontinentia
pigmenti have also been noted in many patients. Many
of these have the VACTERL association: Vertebral
malformations, Anal atresia, Cardiac malformations,
Tracheoesophageal fistula, Renal and Radial anomalies,
and Limb defects.2 Three independent studies showed that
20-40% of patients with congenital scoliosis had a spinal
dysraphism, such as diastematomyelia, tethered spinal cord,
fibrous dural band, syringomyelia, or intradural lipoma,
which can lead to the neurologic deficiencies seen in some
patients with congenital scoliosis.5 Lung function can also be
severely compromised in children with congenital scoliosis
and restrictive lung disease is an indication for immediate
surgical intervention. One study showed that asymmetric
ventilation and perfusion between the two lungs is seen
in over half of the children presenting with congenital
scoliosis; the severity of the lung disease, however, did not
correlate with the Cobb angle measurements (measurement
of the degree of curvature in scoliosis).6
Clinical Evaluation and Management

When congenital scoliosis is suspected clinically, x-rays and
evaluation by a pediatric orthopedic surgeon are indicated.
Standard PA and lateral views are used initially, followed by
supine views, which can help better visualize the vertebral
anomaly and pattern of anomalies. Additionally, bending
films can reveal the level of flexibility and rigidity of the spine.
Surgical correction is usually indicated in about 50% of
patients with congenital scoliosis, due to curve progression
and complications associated with the curvature, including
compromised pulmonary function. Patients with thoracic
curvatures approaching 90 degrees usually experience
restrictive lung function and must have surgery as soon
as possible. The goal of corrective surgery is to prevent the
development of a severe deformity before it occurs in a
patient suspected to have progressive congenital scoliosis,
thus also secondarily preventing complications that may
occur as a result of the curve progression. In patients with
marked growth imbalance, even surgical intervention may
not yield perfect results, and an optimum outcome would
be a relatively straight spine. In determining which patients
would best benefit from surgical intervention, it is again
useful to consider the prognostic factors in a different light.
If the patient is diagnosed early, while the curve is still small,
they may benefit from prophylactic surgery. Consideration
of the severity and degree that the curve will reach depends
on many factors, including whether or not the patient has
passed his/her growth spurt and their current standing,
as well as the type of anomaly and balance of the curve.
These factors are used to determine whether the patient

will benefit significantly from surgery and whether surgery
will prevent future degeneration. Patients who are being
considered for surgical correction of the their spinal
curvature may need several CT and/or MRI studies to
better visualize the vertebral anomaly, as well as identify
and manage any cardiac or renal abnormalities, due to the
frequency of anomalies with these systems in patients with
congenital scoliosis. Additionally CT or MRI will show the
presence of any spinal dysraphism, such as tethered cord,
which must be released prior to surgery.5
Conversely, some patients with non-progressive or slowly
progressing scoliosis, usually those with hemivertebrae or
mixed anomalies are managed non-surgically. Typically
these patients are followed under close observation, with
regular radiographs taken every 6 months to monitor for
any changes in the curvature. These measurements are
done using the same technique every time and comparing
films with prior ones in determining the current status
of the scoliosis. The regular patient visits are made more
frequent during the periods of maximum growth, which are
in the first four years of life and during adolescence.3 When
bracing is used, it is generally used in patients with flexible
spines and has been proven effective in such patients with
high thoracic curves with the Milwaukee brace.7 One study
noted that braces are ineffective in congenital scoliosis if the
curvature exceeds 40 degrees or if less than 50% flexibility
is established using imaging.8
Surgical treatment is the most effective way of correcting
congenital scoliosis. There are various different surgical
procedures, and which one is used is dependent on factors
including patient age, size of the curve, type(s) of vertebral
anomalies, and associated conditions. One type of surgical
procedure is convex growth arrest (anterior and posterior
hemiepiphysiodesis), posterior fusion, combined anterior
and posterior fusion, and hemivertebra excision.8 Convex
growth of the spine has a poor prognosis in congenital
scoliosis. Thus, the goal of convex growth arrest is to stop
the convex growth and allow for concave growth which will
ultimately correct the deformity. It is usually performed on
patients younger than 5 years of age, with healthy growth
plates, capable of growth potential on the concavity, and
a short curve of no greater than 60 degrees. It is a safe
procedure but has very slow correction of the curve and
therefore it is difficult to assess how effective it has been on
a patient.10 Posterior fusion is another surgical procedure
to stabilize the curve and prevent further progression.
This procedure is usually performed on an older child
with a relatively flexible and moderately severe curve. The
entire curve needs to be covered by the fusion as well as
extend to the central gravity line to be effective. Since the
1990s, combined anterior and posterior fusion has been
performed more often than posterior fusion alone and is

usually performed for thoracic, thoracolumbar, and lumbar
curvatures of poor prognosis, thus high convex growth
potential. Finally, hemivertebra excision is a procedure that
has been performed since the 1920s, and is an attractive
surgical procedure as it removes the source of the curvature.
It is usually performed in patients younger than 5 years of
age with the development of a secondary curve with fixed
decompensation which cannot be adequately approached
using other procedures.11
Other surgical procedures include growing rods.
Growing rods are used because the other surgical
procedures work by stopping growth, which can generally
have unfavorable effects on the growth of the trunk, thorax,
and lung development. The growing rod operation, done
through the back of the patient is designed to allow for
continued growth of the spine. This is usually done on an
outpatient basis through a small incision, and when the
child has grown and is ready to have another procedure,
such as posterior spinal fusion, then the growing rod
is removed and surgery performed. VEPTR (vertical
expandable prosthetic titanium rib) is also another surgical
procedure which can be performed on children with
congenital scoliosis if they have thoracic insufficiency, a
relatively common ailment in patients with scoliosis. This
procedure however is not widely offered in all institutions.12
Outcomes

Few studies have been reported with data on surgical
outcomes for congenital scoliosis based on the vertebral
anomaly. One study concluded that when the deformity was
due to an unsegmented bar, with or without hemivertebrae,
after surgery the rate of change of Cobb angle had slowed
but was not reversed. The study stated that in patients
with mixed spinal anomalies, following surgery the rate of
progression of the deformity had been reduced, but the Cobb
angle still increased. Most patients with hemivertebrae had
a reversed or slowed rate of progression after surgery, with
a decrease in the Cobb angle. The study also concluded
that surgical outcomes were more clinically significant in
patients with a younger age at surgery, and outcomes were
better in patients with lumbar and thoracic anomalies.13
Another study focused on surgical outcomes using anterior
and posterior fusion in patients with congenital scoliosis
due to hemivertebrae. They concluded that in comparison
with preoperative values, the Cobb angle rate of change had
been reversed in 23 patients, slowed or arrested in 5 patients,
and remained unchanged or actually progressed in two
patients. Again, better outcomes were noted in patients at
a younger age during surgery and with lumbar anomalies.14
An extensive study was performed in order to assess the
rate of complications associated with surgical correction
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of congenital scoliosis. The study concluded that surgery
for scoliosis had a varying, but high rate of complications.
Long term risks for this surgery have not yet been reported.
Interestingly it was stated that two thirds of the time, early
surgical intervention for congenital scoliosis is all that is
required, while about 33% of the time there will be a need
for another operation.14
It is evident that congenital scoliosis is a complex
condition, with a relatively unknown and possibly
multifaceted etiology, unknown incidence and unclear
genetic, geographic, and ethnic associations, as well as
a multitude of co-morbid conditions and the possibility
of severe disability and deformity, sometimes requiring
one or more surgical interventions to improve the quality
of life for patients. It is therefore imperative to study this
condition in more detail to fill the knowledge gaps and
perhaps intervene earlier to improve the prognosis and
quality of life for these patients. The purpose of this study
was to find a better understanding of the epidemiology
of congenital scoliosis in New Mexico as well as factors
affecting its severity and progression. Specifically we
wanted to determine whether or not there is a link between
the disease severity and factors including age, ethnicity,
number of associated syndromes, and type, number, and
region of vertebral anomalies; we also wanted to determine
if there were any factors predisposing patients to surgical
intervention.
We hypothesized that there would be statistically
significant associations between disease severity and age,
ethnicity, number of associated syndromes, and the presence
of hemivertebrae in any location. We also hypothesized
that a higher age, being Hispanic, and multiple associated
syndromes would be predictive of surgical intervention.

Methods
For this study, a database was created for patients with
congenital scoliosis, who were seen at the Carrie Tingley
Hospital in Albuquerque, NM from the years 2002 to
2011 (Figure 1). The database was compiled using a
retrospective chart review, by obtaining and recording
historical and clinical information on each of the patients
from PowerChart, the electronic patient record system
used. Given the small but unlikely risk of a breach in
confidentiality, the database was created on a Microsoft
Excel 2007 (Microsoft Corporation, Redmond, WA)
spreadsheet on password-protected computers on the
University of New Mexico campus only, with no mobile
devices used under any circumstances and no transport
of information. A unique study number was assigned to
each patient and there was a separate linker file kept in a
locked file cabinet, with the intention of it being destroyed
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once all data was been obtained and analysis completed.
HRRC approval was obtained prior to the start of data
collection. The established inclusion criteria were children
with congenital scoliosis, seen at Carrie Tingley Hospital
between the years of 2002 and 2011, aged 0-17. Those who
did not meet these criteria, and those without adequate data
or follow up of at least 2 years were excluded from the study.
Specifically, information on each patient’s age was obtained
at the time they first presented to Carrie Tingley Hospital, at
the time of their last follow-up visit, as well as their current
age. Their length of follow-up was obtained, according
to how long they were followed by a clinician at Carrie
Tingley Hospital for their scoliosis. Their gender, ethnicity,
NM county, weight, height, and BMI at first presentation
was also obtained and recorded. Data was obtained on the
magnitude (in degrees) of their spinal curve at presentation
and last follow-up; these curvatures were measured from
radiographs of each patient using the Cobb method. We
also obtained information on their type(s) of vertebral
malformation as recorded in their medical chart, whether
or not patients had surgery done per the chart and if so what
type, and whether or not an MRI was performed. Data on
other comorbid conditions was gathered per the medical
chart. Finally we obtained information on whether or not
the patient required additional revision surgery, and any
notes on their status at last follow-up, which was merely
whether or not the patient was stable and being followed
for their congenital scoliosis, lost to follow-up, or awaiting
an intervention. Prior to the start of data collection, power
calculations were done.
In order to measure the spinal curvature of each patient
with congenital scoliosis, radiographs of each patient were
evaluated, before and after surgery (if applicable), and the
degree of curvature(s) was measured using the standard
Cobb method. Notably, one single author measured
the curves using the standard Cobb method in order to
ascertain the accuracy and reliability of the measurements.

Figure 1: Percentiles for scoliosis angle

The degree of scoliosis was measured and recorded using
the degree units.
During the data collection and analysis, special
attention was given to the clinical course of patients with
hemivertebrae, which have been noted to be the most
common and have the best prognosis, with or without
surgery. Comorbid conditions or associated syndromes
of interest in this study included Klippel-Feil Syndrome,
syringomylia, and kyphoscoliosis with pulmonary
compromise, as these are fairly common and associated
with poorer outcomes.
The expertise of a biostatistician was utilized in order
to analyze the data and determine whether or not it was
statistically significant. The statistical tests used to test
our hypothesis included the chi-squared test to compare
the observed data with the data we would expect to find
according to our hypotheses. In addition, univariate
analyses involving observation and analysis of one variable
at a time were carried out. R-squared statistics, KruskalWallis tests, Mann-Whitney tests, F-tests, one-way analysis
of variance tests, simple and logistic regressions, and odds
ratios were also utilized during the statistical analysis.
Two‑tailed tests and a Type I error rate of 0.05 were employed
throughout. The primary variables that we focused on were
gender, ethnicity, number of hemivertebral malformations,
region of hemivertebral malformations, and the presence
of one or more associated syndromes. Associations that
we focused on were the associations of each one of these
variables with the degree of spinal curvature at presentation
and the association of certain variables with the probability
of surgical intervention, as well as the relationship between
the number of hemivertebrae and associated syndromes.
The above mentioned statistical tests were utilized to
determine possible associations. All statistical calculations
were made with Statgraphics Centurion XV version 15.2.06
(StatPoint, Inc., Herndon, VA).

Results
The retrospective chart review yielded information on
the epidemiologic characteristics of 125 children with
congenital scoliosis seen at Carrie Tingley Hospital
between the years 2002 and 2011, as well as information on
the nature of their scoliosis and its progression. The data
obtained has been compiled into a database (Figure 2). The
mean (SD) age at presentation was 4 years and 9 months (4
years and 10 months) with a range of 1 month to 17 years.
The mean length of follow-up was 5 years, with a range of
2 to 12 years. 69 patients were female and 56 patients were
male. There was a wide range of scoliotic curve magnitudes
at presentation, ranging from 3 degrees to 93 degrees, with
some patients having a single curve and others exhibiting

compensatory curves. A one-variable analysis showed that
the curve magnitude at presentation followed a normal
distribution, with the mean (SD) value at 32.5 degrees (17.6).
A simple regression and analysis of variance evaluating
the relationship between age at presentation and curve
magnitude showed a statistically significant relationship
(P-Value = 0.006). The ethnic distribution of the study
population was as follows: 70 Hispanic, 36 Caucasian, 13
Native American, 1 African American, and 5 “Other.”
Ethnicity was based on self-report by patients as found
in their medical charts. Because of the presence of only 1
African American in the study population, and 5 “Other,”
we did not consider these two categories in the statistical
analysis of curve magnitude in relation to ethnicity.
One-way analysis of variance was done to evaluate the
relationship between ethnicity and curve magnitude, and
based on the F-ratio and F-test, there was not a statistically
significant relationship between ethnicity and curve
magnitude (P-Value = 0.45).
Regarding the nature of their scoliosis, approximately 49%
of patients had one or more hemivertebrae accounting for
their abnormality, while approximately 36% of patients had
mixed vertebral abnormalities (including hemivertebrae,
butterfly vertebrae, bars, fusion and segmentation
abnormalities). Approximately 15% of the patients had
non-hemivertebral isolated abnormalities accounting for
their spinal curvature. The relationship between the curve
magnitude and number of hemivertebrae was explored
using a one-factor analysis of variance. It is unexpected that
the mean scoliosis angle was highest in subjects with no
hemivertebrae (Figure 3). However, this difference was not
statistically significant (Kruskal-Wallis test, P-Value = 0.68).
Of the patients who had hemivertebrae, 49% were located in
the thoracic region, 21% in the lumbar region, 26% in the
thoracolumbar region, and 4% in the cervicothoracic region.
The relationship between region of hemivertebrae and
curve magnitude was explored using the Mann-Whitney

Figure 2: Simple Regression - Scoliosis angle vs. Months
Progression of curve over time
Scoliosis angle = 28.3432 + 0.073 Months
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20% had surgery (there were only 5 patients meeting this
category). To further analyze this relationship for statistical
significance, a univariate logistic regression model was used.
Only the presence of thoracic vertebral hemivertebrae was
associated with a higher likelihood of requiring surgical
therapy (Odds Ratio = 0.32, deviants explained=3%,
P-Value=0.04).

Discussion

Figure 3: Multiple Range Tests for Scoliosis angle by ethnicity

test for a difference in medians. The median angle was not
significantly different among subjects with involvement of
the cervical, thoracic, or lumbar regions (P-Values = 0.75,
0.09, and 0.68 respectively).
Approximately 55% of all patients had one or more
associated syndromes. The relationship between the number
of associated syndromes and the number of hemivertebrae
was explored using a one-factor analysis of variance. It is
interesting that the mean number of hemivertebrae was
2.25 in subjects with 4 associated conditions, while the
mean number of hemivertebrae was less than 1.6 in all
other groups. However, this difference was not statistically
significant (Kruskal-Wallis test, P-Value = 0.46).
Regarding surgical intervention, about 37% of the
patients studied required surgical intervention at some
point during their clinical course, and of these patients, 24%
of them required revision surgery at least once. Focusing
on the most common vertebral anomaly implicated in
the disease, we evaluated those with hemivertebrae for
probability of surgery. Approximately 44% (8) of patients
with 0 hemivertebrae underwent surgery; 36% (23) of
those with 1 hemivertebra had surgery; 33% (6) of those
with 2 hemivertebrae had surgery; 30% (8) of those with
3 hemivertebrae had surgery. The relationship between the
number of hemivertebrae and the probability of surgery
was explored using a univariate logistic regression model.
Interestingly, subjects with no hemivertebrae were more
likely to undergo surgical intervention than those with 1
or more hemivertebrae. However, this difference was not
statistically significant (P-Value= 0.82). Proceeding to
determine whether or not there was a relationship between
region of hemivertebrae and the probability of surgery, we
found that of the patients with thoracic involvement, 37%
had surgery; of those with lumbar involvement, 17% had
surgery; of those with thoracolumbar involvement, 41%
had surgery; of those with cervicothoracic involvement,
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Congenital scoliosis is a complex disease with a multifactorial
etiology which has not been studied extensively nor clearly
delineated. The incidence and potential genetic factors
are unclear, however, it is known that congenital scoliosis
is associated with multiple severe comorbidities which
serve to worsen the prognosis and quality of life for these
patients. Depending on the severity of their disease and the
progression of their spinal curvature, surgical intervention
may take place which may or may not improve quality
of life and prognosis. This study serves as the largest
retrospective chart review for children with congenital
scoliosis to date, and attempted to fill the knowledge gaps
about what epidemiologic and anatomical factors play a role
in the pathogenesis and natural progression of the disease.
Additionally the study aimed to determine predictors of
surgical intervention in patients with congenital scoliosis.
In our study, one of the many important findings was that
there is a statistically significant direct relationship between
age at presentation and degree of spinal curvature in
patients with congenital scoliosis. This means that children
with congenital scoliosis who present for the first time at an
older age will have a larger spinal curvature as compared
to those presenting at a younger age, who will have a much
less pronounced spinal curvature. This implies that if it
is determined that there is an effective surgical or nonsurgical intervention that would improve the quality of life
and prognosis for these patients, a form of screening should
be initiated to detect and closely follow scoliosis at an earlier
age. Other surprising findings were that approximately 56%
of the patients in the study were Hispanic, a percentage that
exceeds the recorded distribution of the Hispanic ethnicity
in New Mexico, and the higher prevalence of congenital
scoliosis in a few geographical regions in New Mexico,
including Bernalillo, Santa Fe and San Juan counties.
Additionally, 55% of the patients had associated co-morbid
conditions, which closely matches data from other studies
looking at co-morbid conditions in congenital scoliosis.2
In regards to the type and location of vertebral anomaly,
the findings of our study confirmed hemivertebrae to be the
most common form of vertebral anomaly leading to spinal
curvature in congenital scoliosis.2 Additionally, the scientific
literature stating that thoracic/thoracolumbar involvement

indicate a worse prognosis was indeed addressed by the
results of our study: we found that hemivertebrae located
in the thoracic and thoracolumbar regions were more
predictive of surgical intervention than those located in
other regions. These results were statistically significant
(P-Value = 0.04). Yet our results also showed no statistically
significant relationship between region of hemivertebrae
and curve magnitude. This is interesting because it implies
that although there is no difference in the severity of scoliosis
at presentation based on the location of the abnormality,
those with thoracic/thoracolumbar abnormalities are more
likely to have surgery; this is statistically and clinically
significant and implies that perhaps patients with thoracic/
thoracolumbar involvement have a more progressive
disease course than do others.4 Further research on the
nature of curve progression depending on the location of
the abnormality may shed more light on this finding.
Another interesting finding from our study was that
our results confirmed that the presence of hemivertebrae
is associated with a better prognosis and that patients
with multiple hemivertebrae tend to have non-surgical
interventions. In our study, patients with zero hemivertebrae
had the highest degree of spinal curvature as compared to
those with multiple hemivertebrae. Furthermore, patients
with zero hemivertebrae were more likely to have surgical
intervention than those with one hemivertebrae, while those
with one hemivertebrae were more likely to have surgical
intervention than those with two hemivertebra , and those
with 3 or more hemivertebrae were the least likely to have
surgical intervention. Although these differences were not
found to be statistically significant, they were interesting
and in support of the idea purported by other studies
that the presence of multiple hemivertebrae is not only a
relatively common manifestation, but is also associated
with a better prognosis and a decreased need for surgical
intervention.2-4
In contrast to what is stated in other studies, specifically
that approximately 50% of patients with congenital scoliosis
undergo surgical intervention, in our study only 37% of
patients underwent surgical intervention. This, however,
may be secondary to the fact that this was a retrospective
chart review, looking at some patients who are still early on
in the course of their childhood and are still being followed,
and will perhaps have some form of surgical intervention
in the future.6
It is notable that the results imply that there are certain
anatomic characteristics, such as the presence of specific
anomalies like hemivertebrae and number and location of
such anomalies, which can predict better or worse outcomes.
This information, along with the results indicating a
correlation between age and curve severity at presentation,
illustrates the importance of screening and/or close follow-

up of such patients with imaging studies in order to detect
specific anatomical characteristics and use that information
to predict the disease course and prognosis, and thus better
and more efficient management. Further studies in the
future should focus on the effectiveness of various surgical
and non-surgical interventions in order to find ways to
improve the quality of life for patients with curve severity
and characteristics predictive of a poor prognosis.
In regards to limitations of the study, although great care
and attention was been taken to ensure the precision of the
methods in gathering information, compiling it into a table/
graph and analyzing and interpreting results, the possibility
for unreliability always exists; this was been minimized as
much as possible with multiple authors checking the data
for accuracy and precision. Primarily, there are certain
limitations to performing a retrospective chart review.
These include incomplete or missing documentation and
poorly recorded or absent information. In the case of our
study, when this issue was confronted, the patients with
absent or poorly documented information were excluded
from the study, per the established exclusion criteria, to
avoid an incomplete database. Another limitation to such
a study was ensuring reliable Cobb angle measurement. In
order to address this, great precision was used in measuring
the Cobb angles on the x-ray films of each patient at
presentation and at last follow-up. In order to avoid mistakes
while calculating the measurements, a single measurement
technique was be used, specifically the Cobb method
which is widely used in measuring spinal deformities and
following the progression of spinal curvatures; this method
was used consistently throughout the study by one author
for measuring the angles for every single patient, and
comparing that angle with those possibly recorded in the
patient’s electronic or paper charts for accuracy. Finally,
another limitation to the study is that the data obtained may
not be applicable to the patient population in other states in
the United States, as this study focuses on the population
of patients with congenital scoliosis in New Mexico. It also
may not be fully applicable to the patient population in
countries outside of the United States.
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